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NOTES    ON   ELECTRICITY    AND    MAGNETISM.
II.    THE SELF-INDUCTION  AND RESISTANCE OF COMPOUND   CONDUCTORS.
[Philosophical Magazine, xxn. pp. 469—500, 1886.]
IN his inaugural address to the Society of Telegraph Engineers*, and in a subsequent communication to the Royal Society f, Prof. Hughes has described a series of interesting experiments, which have attracted a good deal of attention in consequence both of the official position and known experimental skill of the author. Some of the conclusions which he advances can hardly be sustained, and have met with severe criticism at tbe hands of Weber, Heaviside, and others. There are certain other points raised by him, or suggested by his work, which seem worthy of consideration ; and I propose in the present paper to give an account of some investigations, mainly experimental, carried on during the summer months, which may, I hope, tend to settle some controverted questions.
Prof. Hughes's first apparatus consists of a Wheats tone's quadrilateral, with a telephone in the bridge, one of the sides of the quadrilateral being tbe wire or coil under examination, and the other three being the parts into which a single German-silver wire is divided by two sliding contacts. If the battery-branch be closed, and a suitable interrupter be introduced into the telephone-branch, balance may be obtained by shifting the contacts. Provided that the interrupter introduces no electromotive force of its own\, the balance indicates the proportionality of the four resistances. If P be the unknown resistance of the conductor under test, Q, R the resistances
* Journ. Tel Eiuj. vol. xv. (1866), p. 1. t Proc. Roy. Soc. vol. XL. (1886), p. 451.
J This condition is not always satisfied.    With the reed-interrupter (see below) a loud sound may sometimes be heard, although the battery-branch bo open.t to a change in the apparent resistance and self-induction, of the circuit. Which of the two is the more important depends somewhat upon the other circum-stances of the case ; but with closed electromagnets the magnetic work dissipated during the period (corresponding to increased resistance) is always greater than the work spent during one part and recovered during the remainder of the period (corresponding to increased self-induction). On this account, the resistance of an iron wire to variable currents is greater than to steady currents, even though the current be constrained to be uniformly distributed over the section. In the absence of such constraint, the resistance undergoes a further increase in consequence of the tendency of the current to concentrate itself towards the exterior-f. In general both causes must cooperate to produce an apparent increase of resistance to variable currents.
